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1 , $[0, L]$ , $M$ $u(t, X)=(u_{1}, u_{2}, \ldots, u_{M})T$
( ). $u_{i}(t, x)(i=1, \ldots, M)$
, ( $u_{j}$
$u_{j+1}=$ ). $u$ $G(u, u_{x})$ ( $u_{x}=((u_{1})_{x},$ $(u_{2})_{x},$ $\ldots,$ $(u_{M})_{x})^{\mathrm{T}}$)
, $H= \int_{0}^{L}G(u, ux)\mathrm{d}x$ ,
$G$
$\dot{u}$
$\delta G/\delta u$ .
$H(u. +\delta u)-H(u)$
$=$ $\int_{0}^{L}\{(\frac{\partial G}{\partial u})^{\mathrm{T}}\delta u+(\frac{\partial G}{\partial u_{x}})^{\mathrm{T}}\delta u_{x}\}\mathrm{d}x+O(|\delta u|2)$
$=$
$\int_{0}^{L}\{(\frac{\partial G}{\partial u})-(\frac{\mathrm{d}}{\mathrm{d}_{X}}\frac{\partial G}{\partial u_{x}})\}^{\mathrm{T}}\delta u\mathrm{d}x+[(\frac{\partial G}{\partial u_{x}})^{\mathrm{T}}\delta u]^{L}0+O(|\delta u|^{2})$
$=$ $\int_{0}^{L}(\frac{\delta G}{\delta u})\delta u\mathrm{T}\mathrm{d}x+[(\frac{\partial G}{\partial u_{x}})^{\mathrm{T}}\delta u]^{L}0+O(|\delta u|^{2})$ . (1)
$( \frac{\partial G}{\partial u})=(\frac{\partial G}{\partial u_{1}},$
$\ldots,$
$\frac{\partial G}{\partial u_{M}})^{\mathrm{T}}$, $( \frac{\partial G}{\partial u_{x}})=(\frac{\partial G}{\partial(u_{1})_{x}},$ $\ldots,$ $\frac{\partial G}{\partial(u_{M})_{x}})^{\mathrm{T}}$ , $\frac{\delta G}{\delta u}=(\frac{\partial G}{\partial u})-(\frac{\mathrm{d}}{\mathrm{d}_{X}}\frac{\partial G}{\partial u_{x}})$
. $\partial/\partial_{Z}=((\partial/\partial({\rm Re} z)-\mathrm{i}\partial/\partial({\rm Im} z))/2, \partial/\partial_{\overline{Z}}=((\partial/\partial({\rm Re} z)+$
$\mathrm{i}\partial/\partial({\rm Im} z))/2$ .
, .
$\{$
$\frac{\partial u}{\partial t}=A\frac{\delta G}{\delta u}$ , $x\in(0, L),$ $i>0$ ,
$Bu=0$ , $x=0,$ $L,$ $t>0$ ,
$u(0, x)=u_{0()}x$ , $x\in(0, L)$ .
(2)
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$A$ , $\partial_{x}\equiv\partial/\partial x\mathrm{d}$ $M\cross M$ ,
, . $B$ . , $-$
$(f, g)= \int_{0}^{L}f^{\mathrm{T}}g\mathrm{d}x$ .
1( ) $A$ , $Bu=0$ 2 :
(i) $[( \frac{\partial G}{\partial u_{x}})^{\mathrm{T}}\frac{\partial u}{\partial t}]_{0}^{L}=0$, $t>0$ ,
(ii) $A$ $(\cdot, \cdot)$ .
(2) . , (1) $\triangle t$ $\Delta tarrow \mathrm{O}$ ,
$\frac{\mathrm{d}}{\mathrm{d}t}H(t)=(\frac{\delta G}{\delta u},$ $u_{t})=( \frac{\delta G}{\delta u},$ $A \frac{\delta G}{\delta u})=0$ . I
(ii) , $A$ . $A$
. . , $s=0,1,2,$ $\ldots$ ,




$\mathrm{i}E_{t}+E_{xx}=nE$ , $n_{tt}-n_{xx}=(|E|^{2})_{xx}$ (3)
$u:u_{t}=n+|E|^{2}$ , :
$G=|E_{x}|^{2}+n|E|^{2}+ \frac{1}{2}(n^{2}+u_{x}^{2})$ (4)
$\frac{\mathrm{d}}{\mathrm{d}t}=(\frac{}{\frac{\frac{\delta G}{\delta G\delta E}}{}\delta,\frac\delta G\delta\overline{EG}\delta n\delta u})$ (5)






([6] ). , Coupled $\mathrm{K}\mathrm{l}\mathrm{e}\mathrm{i}\mathrm{n}_{-}\mathrm{G}\mathrm{o}\mathrm{r}\mathrm{d}\mathrm{o}\mathrm{n}_{-}\mathrm{S}\mathrm{c}\mathrm{h}\mathrm{r}\ddot{\mathrm{O}}\mathrm{d}\mathrm{i}\mathrm{n}\mathrm{g}\mathrm{e}\mathrm{r}$ ( [1]),
Boussinesq-Schr\"odinger ( [2]), ( [13])
.






(ii) $A$ $(\cdot, \cdot)$ .
(2) , $\text{ }\Leftrightarrow[]\mathrm{h}\partial \mathrm{g}\text{ }\backslash k\gamma x\mathrm{B}-$. $\text{ }\beta^{\mathrm{L}}fi_{\backslash }$ ,
$\frac{\mathrm{d}}{\mathrm{d}t}H(t)=(\frac{\delta G}{\delta u},$ $u_{t})=( \frac{\delta G}{\delta u},$ $A \frac{\delta G}{\delta u})\frac{\leq}{>}0$ . I
$A$ . ,
. , $s=0,1,2,$ $\ldots$ .
2: $A$





= $N$ , $=$ $\Delta x=L/N$ . $=$ $\triangle t>0$
. $U_{j,k}^{(m)}\simeq u_{j(k\triangle}m\triangle t,X$ ) $(m=0,1,2, \ldots, 0\leq k\leq N)$ . $(m)$
. $U_{j}=$ $(U_{j,0}, U_{j,1} , . . . , U_{j,N})^{\mathrm{T}},$ $U=(U_{1^{\mathrm{T}}}, U_{2}\mathrm{T}, \ldots, U_{M}\mathrm{T})\mathrm{T}$
. , :
$\delta_{k}^{+}U_{j,k}\equiv\frac{U_{j,k+1}-Uj,k}{\Delta x}\mathrm{d}$ , $\delta_{kj,k}^{-U\equiv}\mathrm{d}\frac{U_{j,k}-U_{j,k}-1}{\triangle x}$, $\delta_{kj,k}^{\langle 1\rangle}U\equiv \mathrm{d}\frac{U_{j,k1}+-U_{j,k-}1}{2\Delta x}$ ,
$\delta_{kj,k}^{\langle 2\rangle}U\equiv \mathrm{d}\frac{U_{j,k+1^{-2U_{j,k}+}}Uj,k-1}{\Delta x^{2}}$.
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$\sum_{k=0}^{N-1}Uj,k(\delta_{k}+V_{j,k})\Delta X+\sum_{=k0}^{N}-1(\delta_{k}-Uj,k)V_{j,k}\Delta X=[Uj,k-1Vj,k]^{N}k=0$ , (7)
$\sum_{k=0}^{N-1}(\delta_{k}\langle 1$
)
$U_{j},k)V_{j},k \triangle x+\sum_{=k0}^{-1}U_{j,k}(N\delta_{kj,k}\langle 1\rangle V)\triangle x=\frac{1}{2}[U_{j,k}V_{j},k-1+Uj,k-1Vj,k]_{k=0}^{N}$. (8)




$(G_{\mathrm{d}}(U))k= \sum_{\iota=1j}\prod_{1=}^{M}f\iota_{j},(U_{j},k)g\iota,j(+\delta_{kj,k}^{+}U)g_{l}^{-},j(\delta_{k}P.-Uj,k)$ , $(0\leq k\leq. N-1)$ (9)
( $(\cdot)_{k}$ $k$ ). $H_{\mathrm{d}}(U)= \sum_{k^{-1}}N=0G_{d}(U)\triangle x$
.
(1) , – , ,
.
$H_{\mathrm{d}}(U)-H_{\mathrm{d}}(V)$
$=$ $\sum_{k=0}^{N-1}[\sum_{j=1}^{M}\{(\frac{\partial G_{d}}{\partial(U_{j},V_{j})})k(Uj,k-V_{j},k)+(\frac{\partial G_{d}}{\partial\delta^{+}(U_{j},V_{j})})_{k}(\delta_{k}+U_{j},k-\delta+_{V_{j,k}})k$
$+( \frac{\partial G_{d}}{\partial\delta^{-}(Uj,Vj)})_{k}(\delta_{k}^{-}U_{j,k}-\delta_{k}^{-}V_{j,k})\}]\triangle x$
$=$ $\sum_{k=0}^{N-1}[\sum_{j=1}^{M}\{(\frac{\partial G_{d}}{\partial(U_{j},V_{j})})k-\delta^{-}k(\frac{\partial G_{\mathrm{d}}}{\partial\delta^{+}(U_{j},V_{j})})_{k}-\delta_{k}^{+}(\frac{\partial G_{\mathrm{d}}}{\partial\delta^{-}(Uj,Vj)})_{k}\}](U_{j,k}-Vj,k)\Delta x$
$+[ \sum_{j=1}^{M}\{(\frac{\partial G_{d}}{\partial\delta^{+}(U_{j},V_{j})})_{k-}1(U_{j,k}-Vj,k)+(\frac{\partial G_{d}}{\partial\delta^{-}(Uj,Vj)})_{k}(U_{j,k-1}-V_{j,1}k-)\mathrm{I}]_{k=0}N$
$=$ $\sum_{k=0}^{N-1}[_{j1}\sum_{=}^{\Lambda F}(\frac{\delta G_{\mathrm{d}}}{\delta(U_{j},V_{j})})k](Uj,k-V_{j},k)\triangle x$
$+[ \sum_{j=1}^{M}\{(\frac{\partial G_{\mathrm{d}}}{\partial\delta^{+}(U_{j},V_{j})})_{k-}1(U_{j},k-Vj,k)+(\frac{\partial G_{\mathrm{d}}}{\partial\delta^{-}(Uj,Vj)})_{k}(U_{j,-}k1-- \mathrm{I}Vj,k-1)]^{N}k=0$ (10)
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1 ab–cd $=((a+c)(b-d)+(a-c)(b+d))/2(*)$ ,
$\delta u$ $(U_{j,k}-V_{j,k})$ , $\delta u_{x}$ ( $\delta_{k}^{\pm}U_{j,k}-\delta_{k}^{\pm_{V_{j,k})}}$ ,
$\partial G_{\mathrm{d}}/\partial(Uj, Vj)\in \mathrm{C}^{N}$ ( $\partial G/\partial u_{j}$ ), $\partial G_{d}/\partial\delta^{+}(Uj, Vj),$ $\partial G_{d}/\partial\delta^{-}(Uj, Vj)\in \mathrm{C}^{N}$
( $\partial G/\partial(u_{j})_{x}$ ) . ,
. , ,
. 2 (7) . 3 , $\delta G/\delta u$ :




(10) 1 , $(*)$
, , .
31( ) (9) , $Uarrow V$ ,
$( \frac{\partial G_{d}}{\partial(U_{j},V_{j})})_{k}arrow\frac{\partial}{\partial U_{j,k}}G_{\mathrm{d}}(U)_{k},$ $( \frac{\partial G_{\mathrm{d}}}{\partial\delta^{\pm}(U_{j},V_{j})})_{k}arrow\frac{\partial}{\partial(\delta^{\pm}U_{j,k})}G_{\mathrm{d}}(U)_{k}$.
$\partial/\partial(\delta^{\pm}U_{j,k})$ , $\delta_{k}^{+}U_{j,k}$ , $\delta_{k}^{-}U_{j,k}$ . I
1 (10) , ( $A_{k}=(G_{\mathrm{d}}(U)_{k}-G_{\mathrm{d}}(V)_{k})/3M$ ,
$\partial G_{\mathrm{d}}/\partial(U_{j}, V_{j})_{k}=A_{k}/(U_{j,k}-V_{j,k}),$ $\partial G_{\mathrm{d}}/\partial\delta^{\pm}(U_{j}, V_{j})_{k}=A_{k}/(\delta^{\pm}U_{j,k}-\delta\pm V_{j,k})$ ).
31 . , $(*)$ ,
. , . 31




$A$ 1, 2 , (2) ,
(11) .
$\{$
$\frac{U^{(m+1)}\sim U^{(m})}{\Delta t}=A_{\mathrm{d}}(\frac{\delta G_{\mathrm{d}}}{\delta(U^{(m+)}1U(m))},)$ , $m=1,2,$ $\ldots$ ,
$B_{\mathrm{d}}U^{(m)}=0$ , $k=0,$ $N-1,$ $m=1,2,$ $\ldots$ ,
$U_{j,k}^{(0}=u_{j}()0,$ $k\Delta X)$ , $0\leq k\leq N-1$ .
(12)
$A_{\mathrm{d}}$ , $A$ ; ,$- 1arrow I$ , $\partial_{x}^{s}arrow\triangle_{k}\langle s\rangle\equiv \mathrm{d}\mathrm{i}\mathrm{a}\mathrm{g}\{\delta^{\langle}S\rangle\}dk’(s=1,2, \ldots)$ $MN\cross$
$MN$ (I $N\cross N$ . 3( ), 4( ( ) )
. , $s=0,1,2,$ $\ldots$ , $D_{k1}^{\langle S\rangle}\equiv d$ . $P_{j,k}=(\delta c_{d}/\delta(U_{j’ j}(m+1)U^{m})))_{k}$
.
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3: $A$ ( 1) $A_{\mathrm{d}}$
4: ( ) $A$ ( 2) $A_{d}$
$F,$ $G\in \mathrm{C}^{MN}$ – $(F, G)= \sum\sum N-1\Lambda ffj,kg_{j,k}\triangle x$ , .
$k=0j=1$
41( ) $B_{\mathrm{d}}U^{(m)}=0$ :
$[ \sum_{j=1}^{M}\{(\frac{\partial G_{\mathrm{d}}}{\partial\delta^{+}(U_{j}^{(1)()}m+,Ujm)})_{k-1}(U^{(m}-j,k^{+)}1U_{j,k}(m))+(\frac{\partial G_{\mathrm{d}}}{\partial\delta^{-}(U_{j}(m+1)U(m)j)},)_{k}(U_{j,k-}^{\langle+1)}m-1U(m)-j,k1)\}]_{k=0}^{N}=0$
, 3 . $A_{\mathrm{d}}$ $(\cdot, \cdot)$ , (12)
$H_{\mathrm{d}}(U^{(m)})$ . , (10) $\Delta t$ ,
(8) ,
$\frac{H_{\mathrm{d}}(U^{()}m+1)-Hd(U^{(m}))}{\Delta t}=((\frac{\delta G_{d}}{\delta(U^{()}m+1U(m))},),$ $A_{\mathrm{d}}( \frac{\delta G_{\mathrm{d}}}{\delta(U^{(m+)},U1(m))}))=0$ . I
\not\in 42 $(\mathrm{f}\mathrm{f}\mathrm{l}*\mathrm{R}\eta\backslash (\mathrm{a}\mathrm{e}_{\mathrm{R}}\eta)\pi_{\backslash })$ $B_{\mathrm{d}}U^{(m)}=0$ :
$[ \sum_{j=1}^{M}\{(\frac{\partial G_{\mathrm{d}}}{\partial\delta^{+}(U_{j}^{(1)()}m+,Ujm)})_{k-}1(U_{j}^{(},m1-k^{+)}U_{j,k}(m))+(\frac{\partial G_{\mathrm{d}}}{\partial\delta^{-}\{U_{j}^{(}m+1\mathrm{J}Uj(m))},)_{k}(U_{j}^{(+)},-1k-m1U^{(}j,mk-1))\}]_{k=0}^{N}=0$
, 4 . $A_{d}$ $(\cdot, \cdot)$ , (12)
$H_{d}(U^{(m)})$ ( ) . ,
$\frac{H_{\mathrm{d}}(U^{()}m+1)-Hd(U^{(m}))}{\triangle t}=((\frac{\delta G_{d}}{\delta(U^{(m+)}1U(m))},),$ $A_{\mathrm{d}}( \frac{\delta G_{\mathrm{d}}}{\delta(U^{(m+)}1U(m))},))\frac{\leq}{>}0$ . I
41 (12) $\triangle t$ , 41, 42 . (12) ,
( ) , . 1
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42 [6] $u_{tt}=-\delta G/\delta u$ ,
$v=u_{t}$ $\overline{G}=G+v^{2}/2$ Hamilton ,
( 1 ). – , ,
. I
5 Zakharov
, Zakharov (3) Cauchy :
$\{$
$\mathrm{i}E_{t}+E_{xx}=nE$ , $t>0,$ $x\in[0, L]$ ,
$n_{tt}-n_{xx}=(|E|^{2})_{xx}$ , $t>0,$ $x\in[0, L]$ ,
$E(\mathrm{O}, x)=E_{0}(X),$ $n(\mathrm{o}, X)=n_{0}(x),$ $n_{t}(\mathrm{o}, x)=n_{1}(x)$ , $x\in[0, L]$ ,
(13)
. . Zakharov , $G(4)$
Hamilton (5) , $M=4$ , $(u_{1} , u_{2}, u_{3}, u_{4})=(E, \overline{E}, n, u)$ . (5)
$H= \int_{0}^{L}G_{\mathrm{d}}\mathrm{d}x$ \searrow Plasmon $\int_{0}^{L}|E|2\mathrm{d}X$ ,
. $||\cdot||_{p}$ $L_{\mathrm{p}}$ .
5.1 $||E||_{\infty}<\infty$ , $t>0$ .
( ) $f(x)$
$\forall\epsilon>0,$ $\exists c\epsilon>0$ , $||f||_{\infty}^{2}\leq c_{\mathcal{E}}||f||_{2^{+}}2\epsilon||f_{x}||_{2}^{2}$ (14)




$0<\eta<1,0<\epsilon<2\eta$ , $||E_{x}||_{2}<\infty$ . (14) , $||E||_{\infty}<\infty$ . I
(5) , . , ( $U_{j,k}^{(m)}$ ) $E_{k}(m)$ ,
$n_{k}(m),$ $u_{k}^{(m)}$ .
$H_{d}(E^{(m)(}, nm),$ $u^{(m)})= \sum_{k=0}^{N-1}c\mathrm{d}\triangle x$ , $c_{\mathrm{d}}=| \delta^{+_{E_{k}}(m})|2(m)|+nkEk(m)|^{2}+\frac{1}{2}(n_{k}+((m)^{2}\delta+u^{(m}k))2))$
(15)








$=$ $- \delta_{k}^{\langle 2\rangle}(\frac{E_{k}(m+1)+E_{k}(m)}{2})+(\frac{E_{k}(m)+E_{k}(m)}{2})(\frac{n_{k}(m+1)+n_{k}(m)}{2}),$ (17)
$\frac{\delta G_{d}}{\delta(\overline{E_{k}(m+1)}\overline{Ek(m)})}$
,
$=$ $\overline{(\frac{\delta G_{\mathrm{d}}}{\delta(E_{k}(m+1)Ek(m))},)}$ , (18)
$\frac{\delta G_{d}}{\delta(n_{k}(m+1),n_{k}(m))}$ $=$ $\frac{n_{k}(m+1)+n_{k}(m)}{2}+\frac{|E_{k}(m+1)|^{2}+|Ek|^{2}(m)}{2}$ , (19)
$\frac{\delta G_{\mathrm{d}}}{\delta(u_{k}^{(+1)()}mukm)}$
,




41\mbox{\boldmath $\sigma$}\supset 1 $\mathrm{a}$ , 1 ( (15) .
.




$= \sum_{k=0}^{1}N-\{(\frac{E_{k}(m+1)+E_{k}(m)}{2})(\overline{\frac{E_{k}(m+1)-E_{k}(m)}{\triangle l}})+(\overline{\frac{E_{k}(m+1)+E_{k}(m)}{2}})(\frac{E_{k}(m+1)-E_{k}(m)}{\Delta t})\}\Delta x$
$=2{\rm Re} \sum^{N-1}\mathrm{i}k=0(\overline{\frac{E_{k}(m+1)+E_{k}(m)}{2}})\{\delta_{k}^{\langle 2\rangle}(\frac{E_{k}(m+1)+E_{k}(m)}{2})-(\frac{E_{k}(m+1)+E_{k}(m)}{2})(\frac{n_{k}+(m+1)(m)n_{k}}{2})\}\Delta x$
$=-2{\rm Re} \sum^{N}\mathrm{i}k=0-1\{|\frac{\delta^{+}(E_{k}(m+1)+E_{k}(m))}{2}\frac{E_{k}(m+1)+E_{k}(m)}{2}|^{2}(\frac{n_{k}(m+1)+n_{k}(m)}{2})\}\Delta x$
$=0$ .
2 (21) , 3 (7) $\mathrm{A}\mathrm{a}$ ,
. I
$||\cdot||_{p}$ $||U||^{p}p \sum_{k=}^{N}=-1|0k|^{p}U\triangle x,$ $||U_{x}||22= \sum_{k=}^{N-}0^{1}|\delta+U_{k}k|^{2}\Delta_{X}$
, $E^{(m)}$ , 51 .
5.3 $||E^{(m)}||_{\infty}<\infty$ , $m=0,1,2,$ $\ldots$
( ) $N-$ $F=\{f_{k}\}^{N}k=0-1$ , (14) :
$\forall\epsilon>0,$ $\exists C_{\mathcal{E}}>0$ , $||F||_{\infty}^{2}\leq C_{\epsilon}||F||_{2}^{2}+\epsilon||F_{x}||_{2}^{2}$
, 51 . I
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53 , $E^{(m)}$ ( ) $\Delta x,$ $\Delta t$ ,
. $n^{(m)}$ , (13)
$||n||_{\infty}<\infty$ , . (21) , , – ,
, .




$\mathrm{i}(\frac{E_{k}(m+1)-E_{k}(m-1)}{2\Delta t})$ $=$ $- \delta_{k}^{\langle 2\rangle}(\frac{E_{k}(m+1)+E_{k}(m-1)}{2})+n_{k}(m)(\frac{E_{k}(m+1)+Ek(m-1)}{2})$ ,
$\frac{n_{k}-(m+1)n_{k}(m-1)}{2\triangle l}$ $=$ $\delta_{k}^{\langle 2\rangle}(\frac{u_{k}^{(m+1)}+u_{k}(m-1)}{2})1$
$\frac{u_{k}^{(m+1)}-u_{k}(m-1)}{2\Delta t}$
$=$ $\frac{n_{k}+(m+1)(m-nk1)}{2}+|E_{k}(m)|^{2}$ .
Plasmon ( , ),
$||E^{(m)}||_{\infty}<\infty$ .
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